Objective Epstein-Barr virus (EBV), a lymphotropic herpes virus causing infectious mononucleosis (IM), also causes various central nervous system (CNS) infections. In the present study, EBVCNSinfections were investigated.
Introduction
Infectious mononucleosis (IM) due to Epstein-Barr virus (EBV) is characterized by fever, eruption, atypical lymphocytes in the peripheral blood, tonsilar and lymph node swelling, and liver dysfunction (1) . As the prevalence of serologic tests and PCRstudies for EBVindicates, the clinical spectrum for EBV-related disorders is expanding to include chronic active EBVinfection, Burkitt's lymphoma, and central nervous system (CNS) lymphoma (2) (3) (4) .
Sometimes, EBVproduces a broad range of CNSinfections such as demyelinative disease, acute encephalitis, acute cerebellar ataxia, myelitis, or meningitis (5-13). Individual cases of these infections have been reported. Previously, we have also described cases of acute disseminated encephalomyelitis (ADEM) and meningitis (14, 15). However, to date, a large numberof EBVCNSinfections have not yet been analyzed. Weinvestigated EBVCNSinfections in our hospital and related hospitals.
Patients and Methods
CNSsyndromes with IM symptoms consisting of fever, eruption, tonsilitis, lymphadenopathy, and/or hepatosplenomegaly were examined in adult inpatients between 1984-2002 in our department at Kurume University Hospital and in related hospitals. Clinical data including atypical lymphocytes and Paul-Bunnell test results were analyzed for each patient. Diagnosis of acute encephalitis, ADEM, meningitis, myelitis, and cerebellitis (acute cerebellar ataxia) is based mainly on neurologic findings such as fever, meningeal signs, cerebral or spinal cord symptoms, and cerebrospinal and CSF findings (16, 17); for diagnosis, MRI T2, FLAIR signal hyperintensity had to be present in at least two locations with an elevated MBPlevel in CSF (normal level, <4.0 ng/ml).
A serologic positive when EBV-related antibodies were demonstrated was based on the following criteria (18, 19): 1) the presence of the EBVviral capsid antigen (VCA) IgM antibody, then negative; 2) a 4-fold or greater increase in the EBVVCAIgG during the disease course; 3) a transient elevation of the EBVearly antigen (EA); or 4)^1:320 ofEBV VCAIgG levels without the EB nuclear antigen (NA) antibody, followed by an increase of EBNA.In addition, persisting^1:1,280 of EBV VCAantibody with^1:40 of EA diffuse or restricted (DR) over 3 months was regarded as indicative of a chronic active EBVinfection (20, 21). The antibody assay of EBVwas made by the indirect immunofluorescent method (Special Reference Laboratory, Tokyo).
Polymerase chain reaction (PCR) was performed for the CSF in seven patients. CSF was subjected to capillary PCR (22, ,23). The PCR analysis was performed with 1 jul of extracted DNAfrom a 50 jul sample of CSF. The primers for the EBNA1 gene were those described by Telenti et al (23), using the sequences: 5-GTCATCATCATCCGGGTCTC for the plus strand, and 5'-TTCGGGTTGGAACCTCCTTG for the minus strand. Products of the PCRwere visualized with UVlight by staining with ethidium bromide after gel electrophoresis, and EBVDNAwas detected as a specific 220-bp band.
Results (Table 1 EBVinfection. PCRfrom the CSF was positive in two patients with EBVmeningitis (cases 7 and 8), in one patient with ADEM (case 10), and in one patient with encephalitisassociated chronic active EBVinfection (case 9). PCRresults in cases 7 and 8 were previously described in the Journal of Neurology, Neurosurgery and Psychiatry (15).
Four patients with encephalitis (cases 2, 3, 6, and 9) showed consciousness impairment, tremor, myoclonus, and meningeal signs. Case 1 presented acute cerebellar ataxia with subacute necrotizing lymphadenitis, and histologic findings of the left cervical lymphnode exhibited scattered necrotic foci. Case 5 showed myelitis consisting of tetraparesis and sensory impairment below the 3rd cervical spine with a significant increase of EBVVCAIgM. Based on the diagnostic criteria, case 4 was diagnosed as having an ADEM. This ADEMpatient associated with chronic EBVinfection did relapse after a year. The MRI findings were reported separately, in the journal, Neuroradiology (14). At relapse time, the EBVgenome was negative in CSF by PCR, and MRI abnormalities appeared in the opposite basal ganglia and right white matter, in contrast with the locations in the first attack ( Fig. 1) . Based on the presence of extensive white matter lesions, and favorable corticosteroid response, the pathogenesis was presumed to be an autoimmune mechanism triggered by chronic EBV infection. Thus, we diagnosed case 4 as relapsing ADEM.
For the seven patients with encephalitis, ADEM, or myelitis, pulse-dose steroids were administered with or without acyclovir. Although all of the patients had a comparatively favorable outcome, one patient with ADEM relapsed after approximately a year. One patient with myelitis had a prolonged course, and three (cases 3, 4, and 9) improved with steroid therapy.
Wepresent here the clinical data of two representative patients, one with encephalitis associated with a chronic EBV infection, the other with EBV-related ADEM.
Case 9 ( Fig. 2) : A healthy 54-year-old female complained of mild fever, headache, and altered consciousness in June 1997. Two weeks later, she was admitted to a related hospital. Mild consciousness disturbance (Japan Coma Scale 1-2) and meningeal signs were observed. Deep tendon reflexes in the four limbs were normal, and no cerebellar, sensory, or urinary disturbance was observed. Atypical lymphocytes were 7%. Blood chemistry showed normal values, except for (Fig. 4) . In the middle of March, the patient's condition was complicated by aspiration pneumonia; tracheotomy was performed and he was placed on a ventilator. Consciousness impairment was gradually improved, and he was transferred to our department on April 6.
Neurologically he still revealed facial diplegia, bulbar signs, moderate weakness predominantly in the lower extremities, 
Discussion
In our study, ten patients with EBV-related CNSinfections, including three previously reported patients (14, 15), were observed. In a nationwide survey during the period from 1989 to 1991 in Japan, EBVencephalitis was estimated to occur at a rate of 0.05 cases per year in a population of 1,000,000 (24). The present study for the past 18 years revealed rate of 0.56 cases per year in a population of 1,000,000 in Kurume City and the surrounding areas. However, the number of cases in our study was high in part because we included other neurologic forms such as myelitis and meningitis. The EBVCNSinfections were varied, and included acute encephalitis (4 patients), acute cerebellar ataxia (1), ADEM (2) , myelitis (1), and meningitis (2). Serologic response was divided into two groups: one comprised of eight patients who revealed primary or reactivated infection based on the pres- 
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cerebellar ataxia associated with EBVinfection, which finding is suggestive of immunologic processes following EBV infection. Considering that our acute cerebellar ataxia and myelitis cases (cases 1 and 5) showed favorable response to corticosteroid treatment, lack of CSF pleocytosis and intrathecal antibody production, and so on, these two cases may be regarded as having similar postinfectious pathogene- for the presence of delayed rash, the lack of systemic IM symptoms in such patients should be noted. The pathogenesis may suggest more direct EBVinfection, based on the findings of CSF PCR positivity and predominantly gray matter involvement in our case 10. At the same time, EBVserologic tests and PCRresults should be checked to screen for patients with idiopathic ADEM. It is especially noteworthy that two of our cases can be attributed to chronic active EBVinfection. Although one of these cases was acute encephalitis, one patient showed relapsing ADEMwith MRI abnormalities in the basal ganglia, mid brain, and extensive white matter. To the best of our knowledge, several EBVCNSsyndromes associated with chronic active EBVinfection have been reported. Neumann et al (34) reported three patients with chronic encephalitis associated with the laboratory findings of chronic EBVinfection, although detailed data is not available. Adachi et al (35) reported an adult case of chronic meningoencephalitis persisting over a period of several months, and 
